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The proliferative response of guinea pig T lymphocytes 
which have been primed in vivo can only be induced by 
antigen-pulsed syngeneic macrophages. The develop-
ment of techniques to prime T lymphocytes in vitro has 
allowed us to demonstrate that the genetic restriction on 
the interaction of the macrophage and T lymphocyte is 
regulated by the Ia antigens of the macrophage used 
during the initial sensitization step. Following removal 
of alloreactive cells, T cells can be sensitized to antigen-
treated allogeneic macrophages. It thus appears likely 
tha t T cells do not recognize antigen per se, but can only 
be sensitized to antigen-modified membrane components 
or to complexes of antigen combined with certain mem-
brane molecules. We postulate that the Ia antigens them-
s elves are the products of the immune response genes 
and function in both macrophages and B lymphocytes as 
antigen recognition structures. 
THE INTERACTION OF ANTIGEN-PULSED 
MACROPHAGES WITH PRIMED T LYMPHOCYTES 
The major histocompatibility complex (MHC) encodes a 
series of genes that control or regulate a wide variety of immune 
functions [1]. In 1973, we demonstrated that the MHC was 
important in regulating the interaction between T cells and 
macrophages in that the proliferative response of guinea pig T 
lymphocytes which had been primed in vivo could only be 
induced by antigen-pulsed syn geneic macrophages [2). Thus, 
antigen-pulsed macrophages from strain 2 guinea pigs activa ted 
DNA synthesis in immune strain 2 lymphocytes quite effec-
tively, while the same macrophages mixed with immune strain 
13 lymphocytes stimulated li ttle DNA synth esis (Table l) ; on 
the other hand, antigen-pulsed strain 13 macrophages activated 
DNA syn thesis in immune strain 13 lymphocytes, but were 
unable to induce significant DNA synthesis when mixed with 
immune strain 2 lymphocytes. Effective interaction was ob-
served when combina tions of antigen-pulsed par ental macro-
phages and immune (2 X 13)F1 T lymphocytes were studied. 
The failure of allogeneic macrophages to stimulate T cell 
activation was not due to an active process of suppression 
because when untreated allogeneic macrophages were added to 
cul tures containing immune T cells and antigen-pulsed synge-
neic macrophages, there was no reduction in the antigen-spe-
cific response. A detailed genetic analysis using combinations 
of macrophages and T lymphocytes derived from animals that 
differed by either B region antigens (the guinea pig homologue 
of the mouse H -2 K / D antigens) or Ia antigens demonstrated 
that the Ia ant igens or the products of closely linked genes 
played the critical role in macrophage-T lymphocyte interac-
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tion and that the B antigens played no role in this collaboration 
[3]. 
THE ROLE OF IMMUNE RESPONSE (Ir) GENES IN 
MACROPHAGE-T LYMPHOCYTE INTERACTION 
The studies described above were performed with T lympho-
cytes derived from animals immune to th e purified protein 
derivat ive of tuberculin (PPD), an ant igen the response to 
which is not known to be under unigenic control. Because 
combina tions of semiallogeneic macrophages and T lympho-
cytes were capable of effective interaction, we I)ext studied 
whether macrophages derived from a genetic nonresponder 
animal, when pulsed with an antigen the response to which is 
under the control of a specific Ir gene, could activate T cell 
proliferat ion in cells derived from a (nonresponder X re-
sponder)F1 animal [4]. When macrophages from strain 2, strain 
13, and (2 X 3)FI animals were pulsed with the dini trophenyl 
derivative of a random copolymer of L-glutamic acid, L-lysine 
(DNP-GL, an antigen the response to which is controlled by a 
gene in the !-region of the strain 2 MHC) and then added to 
immune (2 X 13)FI T lymphocytes, both strain 2 and (2 X 13)F1 
macrophages were equally capable of activating immune·FI T-
lymphocyte prolifera tion (Table II) ; noT cell proliferation was 
seen when DNP-GL pulsed strain 13 m acrophages were mixed 
with the primed F 1 T lymphocytes. A similar result was ob-
served when the macrophage populations were pulsed with the 
random copolymer L-glutamic acid, L-ty:rosine (GT, an an tigen 
the response to which is controlled by a gene in the ! -region of 
the strain 13 MHC). S ignificant T cell activation was observed 
when macrophages from the responder strain 13 or (2 X 13)F 1 
animals were used, while GT -pulsed macrophages fro m the 
nonresponder strain 2 animal failed to induce T cell prolifera-
t ion. Thus, for antig~ns the response to which is under Ir gene 
control (immune responder X nom·esponder)FI T cells could 
only be activated by antigen asociated with macro phages of the 
responder parent and not by antigen associated with macro-
phages of the nomesponder parent . 
THE HISTOCOMPATIBILITY R EST R ICTIONS ON T-B 
CELL COLLABORATION RESEMBLE THE 
HISTOCOMPATIBILITY RESTRICTIONS ON 
MACROPHAGE -T CELL COLLABORATION 
At the time of the original studies on the restriction between 
ant igen-pulsed macrophages and T cells, Katz and co-workers 
demonstrated that a restriction also exists between the inter-
action of murine T and B cells in the generation of an antibody 
response [5]. It was therefore of interest to examine whether a 
similar genetic restriction existed in the interaction of carrier-
primed guinea pig T helper cells and hapten-primed B cells and 
the possible contribution of the macrophage in the generation 
of the restriction [6]. In these studies we examined the helper 
T cell activity of primed guinea pig T cells which had been 
expanded in vitro under condi tions which have previously been 
shown to be highly efficient in the antigen-specific selection of 
T cells which proliferate on re-exposure to antigen [7]. Oval-
bumin (OVA) primed T helper cells were mixed with syngeneic 
or allogeneic trinitrophenyl (TNP )-primed spleen cells in a 4 
day antibody-forming cell assay (T able III). T helper cells 
derived from strain 2 animals collaborated effectively only with 
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TNP-primed strain 2 spleen cells to generate a TNP-specific 
plaque-forming cell (PFC) response in the presence of TNP-
OV A. Similarly, strain 13 OVA-primed T cells would only 
collaborate with TNP-primed strain 13 spleen cells. 
Because we used purified T cells and unseparated spleen cells 
in th e PFC assay, it was possible that the failure of the purified 
T helper cells to cooperate with allogeneic B cells was secondary 
to a deficiency of macrophages of the appropriate histocompat-
ibility type in the PFC assay. However, the failure of the T 
helper cells to collaborate with allogeneic B cells could not be 
corrected by addition to the culture of normal spleen cells 
syn geneic to the T cells as a source of macrophages (Table III, 
lines 3 and 6). It also was possible that a negative allogeneic 
effect may have been generated between the mature T cells 
TABLE I. Genetic restriction on the interaction of antigen-pulsed 
macrophages and primed T lymphocytes 
PPD-pulsed macrophage 
1' lymphocytes from PPD immune guinea pigs 
Strain 2 
Strain 13 
(Strain 2 x Strain l3)F, 
2 
+++ 
++ 
13 
+++ 
++ 
(2 x J3)F1 
++ 
++ 
+++ 
TABLE II. The activation of (2 X 13)F1 T lymphocytes by antigen· 
pulsed parental macrophages 
Antigen 
DNP-GL 
GT 
PPD 
(2 X l 3)F 1 
+++ 
+++ 
+++ 
Macrophages 
2 
+++ 
++ 
13 
+++ 
++ 
TABLE Ill. Primed T cells are restricted in their interaction with 
primed B cells 
OVA-primed TNP-primed Antigen Normal spleen Anti-TNP spleen cells T -cells stra in 
strain TNP-OVA cells strain PFC 
2 2 + 8330 
2 13 + 385 
2 13 + 2 530 
2 2 + 13 9030 
13 13 + 4215 
13 2 + 130 
13 2 + 13 195 
13 13 + 2 4020 
TABLE IV. Genetic restrictions between F1 T cells and nonresponder 
B cells 
GL-and OVA- TNP-primed Normal Anti-TNP primed 1' cells spleen cells Antigen spleen cells PFC strain strain strain 
(2 X 13)F, 2 TNP-GL 4585 
(2 X 13)F, 13 TNP-GL 335 
(2 X 13)F, 13 TNP-GL 2 445 
(2 X 13)F, 2 TNP-OVA 4770 
(2 X 13)F, 13 TNP-OVA 4975 
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present in the unseparated spleen cell population used as a B 
cell source and the helper T cell population of the opposite 
haplotype. It is unlikely that this explanation accounts for the 
failure of allogeneic T-B cell colla boration as the addi tion of 
normal allogeneic spleen cells failed to inhibit the collaboration 
of T helper cells with syngeneic B cells (Table III, lines 4 and 
8 ). 
We next examined whether a genetic restriction was present 
in the interaction of primed (responder X nonresponder)FJ T 
helper cells and TNP-primed B cells of the responder and 
noruesponder parental strains in the generation of an antibody 
response to an antigen the response to which is controlled by 
specific Ir genes. When F 1 T cells from an animal primed 
simultaneously with GL and OVA were mixed with TNP-
primed B cells and cultured in the presence of TNP-OVA, a 
significant PFC response was observed with B cells from either 
parent (Table IV, lines 4 and 5). However, when F1 T cells were 
mixed with parental B cells in the presence of TNP-GL, a 
significant PFC response was only observed with B cells derived 
from the responder strain 2 animal. The failure of F1 T helper 
cells to collaborate with strain 13 TNP-primed B cells in the 
generation of a PFC response to TNP-GL could not be corrected 
by the addition to the culture of responder strain 2 spleen cells 
as a source of macrophages (Tables IV, line 3). Thus, the defect 
in this system appears to be at the level of the B cell in that the 
presence of excess macrophages of responder type did not 
restore the ability ofF 1 T cells to collaborate with nonresponder 
B cells. 
THE HISTOCOMPATIBILITY RESTRICTIONS ON 
MACROPHAGE-T CELL INTERACTION ARE 
GENERATED DURING THE PROCESS OF ANTIGEN 
PRIMING 
We have thus far shown that the products of the !-region of 
the MHC play a critical role in both macrophage-T cell and T-
B cell interaction. In order to further analyze the genetic factors 
involved in the regulation of macrophage-T cell interactions, 
we developed an assay for the generation of an in vitro primary 
response in which nonimmune guinea pig T lymphocytes could 
be primed and challenged in tissue culture with antigen-pulsed 
or TNP-coupled macrophages [8]. 
In our preliminary studies we found that T cells which were 
primed in vitro with antigen-treated syngeneic macrophages 
could only be restimulated with syngeneic but not allogeneic 
antigen treated macrophages in the in vitro secondary culture. 
These results are analogous to our earlier studies using T cells 
primed in vivo. We then attempted to prime T cells in vitro to 
antigen on allogeneic macrophages. However, this approach 
was not successful since a substantial mixed lymphocyte reac-
tion (MLR) was generated with the allogeneic macrophages 
that obscured any antigen-specific stimulation that may have 
been present. 
In order to circumvent the MLR and to attempt to demon-
strate specific T cell activation by antigens associated with 
allogeneic macrophages, we extended the culture system de-
scribed above to include a 3-day preculture during which strain 
13 T cells were cultured with strain 2 macrophages in the 
absence of antigen to generate an MLR [9]. Bromodeoxymidine 
(BUdR) was added to the cultures at 48 hr and at 72 hr the 
cultures were illuminated with a fluorescent light to eliminate 
TABLE V. Specific T lymphocyte sensitization by TNP-modified allogeneic macrophages 
Second cul ture 
Preculture 
Priming cul ture ("H-thymidine uptake) macro phage stra in 
1' Lymphocyte Macrophage BUdR + light 2 2 13 13 Unmodified TNP Unmodified TNP 
13 2 2-TNP 233840 216570 99470 88898 
13 2 + 2-TNP 20820 77200 13980 12820 
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the alloreactive cells stimulated to synthesize DNA during the 
preculture. BUdR and light treatment of alloreactive strain 13 
T cells, generated during a 3-day preculture with strain 2 
macrophages, reduced the subsequent MLR response against 
strain 2 macrophages by 80% compar ed to cells treated with 
light alone (Table V). The BUdR and light-treated strain 13 T 
cells could then be specifically primed with TNP-modified 
allogeneic strain 2 macrophages and upon restimulation showed 
a vigorous proliferative response to TNP-modified strain 2 
macrophages, while showing little response to TNP-modified 
syngeneic strain 13 macrophages. In contrast, no TNP-specific 
stimulation was observed when strain 13 T cells were treated 
with light alone and primed with TNP-modified allogeneic 
macrophages. In such cases a very substantial secondru·y MLR 
to untreated strain 2 macrophages was observed. These results 
clearly demonstrate that T cells and macrophages do not re-
quire Ia antigen homology for effi cient interaction and that T 
cells recognize antigen associated with the Ia antigens of the 
macrophage with which they were initially sensitized. 
WHAT IS THE ROLE OF Ia ANTIGENS AND THEIr 
GENE PRODUCT IN MACROPHAGE-T CELL 
INTERACTION? 
We have reviewed in this report the histocompatibility re-
strictions on macrophage-T cell interaction observed when T 
cells are primed in vivo and have presented the results of our 
in vitro studies which suggest that the genetic restrictions on 
this interaction are imposed only by the histocompatibili ty type 
of the macrophage used for initial sensitization. We therefore 
favor what we have termed the "complex antigenic determinant 
model" ofT cell antigen recognition. This model implies that 
T cells do not recognize antigens per se, but can only be 
sensitized to antigen-modified membrane components or to 
complexes of antigen combined with certain membrane mole-
cules. The failure to observe T cell activation in vitro by 
allogeneic macrophage-associated antigen is secondary to the 
fact that the T cell has been primed in vivo only to antigen 
associated with syngeneic macrophages. This failme therefore 
represents a failure of antigen recognition rather than a failure 
of cellular interaction. The restrictions we have described on 
T-B cell collaboration are also consistent with this hypothesis. 
The helper T cell is activated in vivo during priming by carrier 
determinants of the nominal antigen in associat ion with Ia 
antigens on macrophages and the helper T cell can then only 
activate B cells which bear the same Ia antigens and determi-
nants of the nominal antigen bound to immunoglobulin recep-
tors on their surface. 
According to the "complex antigenic determinant model" it 
might be expected that T cells from an F 1 animal which had 
been primed in vivo would have been sensit ized to antigen in 
association with the Ia antigens of both parental haplotypes. 
Why then did we observe, in systems controlled by Ir genes, 
that immune (nonresponder X responder)F1 T cells failed to be 
activated by antigen associated with the nonresponder parent 
and failed to collaborate with B cells of the nonresponder 
parent? The simplest explanation for this finding is that the Ia 
antigens themselves are the Ir gene products and function as 
antigen recognition structw·es on macrophages and B lympho-
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cytes. Macrophages and B lymphocytes from a nonresponder 
animal would lack the !-region gene product necessar y to proc-
ess or present the an tigen, the response to which is controlled 
by a specific Ir gene. Biochemical studies diJ·ected at a further 
analysis of the complex formed between the nominal antigen 
and macrophage Ia antigens are currently in progress [10]. 
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DISCUSSION 
GREEN: Would you comment on the molecular nature of th e TNP 
macrophage membrane interaction product. Here you are painting a 
macrophage instead of the whole skin. S uch interaction products from 
macrophage membranes should be more easily identified. 
SHEVACH: There are a whole group of macrophage membrane mol-
ecules labeled with TNP and it is unclear which is the antigen. 
TrGELAAR: I would like to respond to Dr. Green's comm ent that Dr. 
S hevach's elegant studies of the genetic control of the in vitro prolif-
erative response of guinea pig T cells to macrophage-associated antigen 
are really the in vitro equivalent of eliciting an allergic contact hyper-
sensitivity in vivo. John Moorhead at the University of Colorado has 
published some very convincing data that the T cells which ar e respon-
sible for init iating each of these particular effector functions (i.e. , 
antigen-specific proliferative and adoptive t ransfer of contact reactiv-
ity) are separ able and distinctive subpopulations ofT cells. T hey have 
different cell surface membrane markers. 
